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ABSTRACT . qy THE PISgLQSURS 
The invention relates to a process for the preparation 
of a rabies vaccine by multiplication of rabies virtues in 
animal Qflivft tissue or poultry embryos, harvesting of thft 
S viruses from the nerve tlssns or from the heads of the 
embryo*, enriching the viral preparation, inactivating 
thereof, and preparing a vaccine. In one aspect, the process 
rrampriaes homogenising the nerve tissue or embryo heads and 
harvesting of the viruses theref rem by avoiding the use of a 

10 mixer r and thus preventing carnage to and fragmentation of the 
viruses. The nerve tissue, the embryo heads or their 
contents are comminuted in a manner which preserves cell and 
viral integrity. The preparation is. then treated by 
separating the complete live viruaes which axe capable of 

IS multiplication from the resulting cell suspension, 

de lipids ting by extraction with a water -ImmiscibLe organic 
solvent and then further selectively concentrating the 
viruses thoreof , 

The invention also relates to a myelin-f ree rabies 

20 vaccine which has been obtained by the process described 

above from animal were tissue or poultry embryo head tissue 
containing rabies viruses. 
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BACKGROUND OF TH£ lyVSNTJOK 
yie ld ot the Invention 

The present invention relates to a new, economic process 
for obtaining a rabies vaccine comprising, obtaining whole 
5 live viruses and rendering the viruses thereof incapable of 
replicating by chemical treatment. This invention also 
relates to a vaccine obtained by this process , which is by 
reason of its high puritry, distinguished by a high specific 
activity and the absence of undesirable secondary reactions 
IP when inoculated .to human subjects. 

Description of the Background 

Most rabies vaccines have up until the present time 
been obtained by multiplication of the rabies virus in living 
animals such as mice, rats, rabbits, sheep, etc. However, 
15 the thua obtained virus- containing preparations contain 
• considerable amounts of myelin and elicit detrimental cidc 
effects. 

In recent times, rabies vaccinas have also been obtained 
from viruses multiplied in poultry embryos. This method ha* 

20 tbo advantage, in principle, that the thus obtained virus- 
containing tissue contains hardly any injurious myelin. 
After multipiioation of the viruses in poultry embryos, these 
embryos arc completely homogenised in to to in a mixer or 
blander. In this manner, however, it is only possible to 

25 incompletely separate from this pasty homogenatB the virus 
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constituents from heterologous protein which may initiate 
undesired secondary reactions upon inoculation. This is also 
the case with vaccines obtained from brains of living 
animals which. have been infected with rabies. Oix repeated 
5 inoculation - indispensable in the case of huntsmen, forestry 
workers, veterinarians, etc. - tnsoe secondary reactions may 
iacreaee considerably and result, in violent allergic defense 
raactions against the heterologous proteins ♦ 

The guality of embryo vaccines Has been somewhat 
10 improved by using only the heads of the embryos to obtain the 
vaccines. Since, in comparison, embryo heads carry an 
essentially higher conoentration of the viruses, the vaccines 
prepared only from embryo heads have a correspondingly lower 
content of byproducts and cause fewer side effects ( Qerman 
IS Patent 3,009,06 4 ; U.S. Patent 4,255 T 530 ) . 

However, in the course of preparing vaccines from nerve 
tissue of animals (from embryo b or from embryo heads J, 
viruses are often damaged or fragmented when the virus- 
containing tissues are homogenised with a mixer or blender » 
2 0 This considerably reduces the activity of the vaccine 

prepared from homogenates of this type and makes its purifi- 
cation mors difficult since large amounts of proteins 
and liquids sra rnleased from the fragmented cells* 

h slightly better vaccine has only been obtained by 
25 multiplication of the rabieB viruses by in vitro culturing 
human diploid cells IHDCH B. Xooroysfci , "vaccine lor man 
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prepared in human diploid cells", Laboratory Techniques 
in Ratios by fl.M. Kaplan and H, Koprowsfci, WHO Nonograph 
Series No. 23, Chapter 2B, pjp. 256-60 {1S73) ; T.J, vjfctor . 
Develop, Biol- Standard, Vol. 37, pp. 256-66, S, Kargar, 
5 Basal 1978, "Production and control of rabies vaccines made 
on diploid ceils"? t.j. Viktor ct a l> "Development and 
clinical trial of rabies vaccine o£ tissue culture origin". 
Develop. Biol, Standard, Vol. 40, pp. 3-9 (1978)). The thus 
obtained vaccines contain human protein* as contaminants. 

10 Such proteins, however, although producing fewer, secondary 
reactions than do heterologous proteins, is till produce some. 

A considerable disadvantage of this method is the 
relatively low multiplication rate of the rabies viruses in 
diploid fibroblast cells. This requires the use of s 10- to 

15 25-fold greater concentration of the vaccine. Hence, 
this method is not efficient enough to meet vorld-wida 
demand for rabies vaccina in an economically fBasible manner, 
The preparation of a rabies vaccine in due* embryo cell 
cultures is described in p.s. Patent 3,S74.a62 . m this 

20 process, however, the multiplication rate in cell cultures 
is limited, CU,S, Patent 3 , 973 > OOP describe a method for the 
enrichment of rabies virasas by density gradient centrifuga- 
tion; K« Bolle and A. Mavri Mikrofeiologie f Infections- und 
Seuchealehro, Stuttgart ( Wicrobiology, infection and 

25 epidemiology) 9- 4 93 Stuttgart [1978] describe the 

traditional preparation of ducX ejnbryo rabies vaccine). 

- 4 - 
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Thus , thcsre is & pressing need fox a new and highly 
active rabies vaccine which contains mechanically intact 
viruses with fully retained antigenic activity, which is 
straight f orward to prepare and thus not too costly, and 
& frae of side effects. Such vaccine would be an effective and 
veil -tolerated vaccine which has long been sought for 
world-wide control of the fearsome and fatal rabies disease* 

SXJMtWAHY OP THE INVENTION 

The present invention provide* a process for obtaining 
10 inactivated rabiss viruses which are aubatotxtially myclio- 
free, comprising: 

(1) intracerebxally inoculating an experimental animal 
with whole live rabies viruses? 

IZ) allowing for said virueeB to multiply? 
15 (3 ) comminuting nerve tissue from tha animal's brain to 

obtain a cell suspension, said comminution being conducted in 
the absence of a mixer to preserve the integrity of the 
viruses; 

(O separating live whole viruses from the cell 
20 suspension) 

(53 delipidatino the live whole viruses) and 

(G) selectively concentrating the viruses r wherein 

steps (1) through <4) are conducted at least once and up to 

3 times. 

- 5 - 
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In addition. Ulia invention also provldas a process for 
obtaining inactivated rabies viruses which *re *ufcBtan*ially 
myelin-**** comprising » 

(1) inoculating a poultry ambry* eoe; xith whole live 
5 rabies vlms»s? 

(2) allowing for said viruses to multiply? 

(3) comminuting the eabryo from the poultry egy to 
obtain a cell suspension) said central nurion being conducted in 
the absence of a mixer to preserve the integrity of the 

ID virusesi 

{4) separating live whole viruses from the call 
suspension; 

IS) delipldatlng the live whole viruses; and 
(6} selectively concentrating the attenuated viruses i 
is wherein steps CI) through (4) are performed at least once and 
up to 3 times. 

This invention also provides a rabies vaccine comprising 
inactivated rabiee viruses which are substantially 
myelltt-free, said viruses being present in an amount 
20 effective to elicit an lnsnunixlng response when administered 
to a subject* The present vaccine may be obtained by the 
hereinabove processes. 



- 6 * 
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DES CRIPTION OF TH2 INVENTION 
The present invention relate* to ad economic process for 
preparing a rabies vaccina which ia of the highest quality 
when compared to vaccines obtained from viruoefl multiplied in 
5 diploid' human cejj culture*. 

In one aspect of thia invention the process comprises 
(1) isolating the rabies viruses which have multiplied 
in animal nerve tissue or poultry embryo 6 avoiding mechanical 
damage to or fragmentation of the viruses thereof ; 
1° (2) removing lipid* from the resulting viruses by 

extraction with a water- immiscible organic solvent such as 
volatile paraffin hydrocarbons or ha logenated hydrocarbons 
such as fluorinated hydrocarbons; 

(3) enriching the delipidatnd viruses by density 
15 gradient centrif ugation? 

(4) precipitating the viruses by addition nf a 
polyethylene glycol (e.g., PSQ 6000) and concentrating 
by cen trituration and purifying the live whole viruses. 

Step (i) entails extracting the rabies vims by cautious 
2 0 cowminution [preserve cell and viral integrity] of the 

nerve tissue or poultry embryo heads ie.g,, due*, chicfcsn or 
quail), and washing tho tissue fragments with a buffer, e.g., 
phosphate-containing buffer- This step is superior than 
homogenizing in a mixer or blender sines foreign proteins . and 
25 lipids are soiuhilizcd to a leaser extent, tho occurrence of 

- 7 - 
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oxidation products of antigens, proteins and lipid* is 
avoided, and the content of intracellular , incomplete and 
non-immuni ring rabies antigen is diminished. The virus- 
containing suspension obtained by washing tne tissue frag- 
ments with an aqueous buffer solution is then removed by 
differential centrifugation. 

At least 95% of the residual protein is discarded by 
operations 3 and/or 4, 

The vixuseij are then finally Inactivated in a Xnown 
manner, for example by addition of 5 -propiono lactone or 
t-r i - < n - butyl ) ph© epha te ♦ 



PSSCEIPTIOH OF THE PREFERRED EMBODIMENTS 
The individual process steps of the inventive process 
are performed in such a manner that a surprisingly good 
overall result is achieved. Harvesting viruses only form the 
heads of the embryos entails producing a high basic 
concentration of the viruses. The mild treatment ot the 
virus-containing tissue material gives a fine paote, 
especially upon avoiding the homogeni ration thereof with a 
minor or blender, provides a viral suspension which exhibit* 
substantially no mechanically damaged or fragroentod viruses 
with incomplete antigen content, and which, moreover, 
contains far fewer foreign materials such as cell debris, 
proteins and lipids. The remaining lipids can bo removed 
from thJLc viral suspension by extraction, and the proteins 

- 8 - 
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can be far more completely removed by ©elective concentration 
and/oi precipitation ot tha virus than from a peaty 
homogenate. The v»ccine obtained by the process comprising 
the serene < of steps a escribed in improved by Around 9 O role 
S compared with the conventional duck embryo rabies vaccine. 
When the preparation of rabies vaccine is obtained by 
paaseging on nerve tissues of animals such as mica, rats, 
rabbits and sheep, the viruses are multiplied in tbe living 
animal by intracerebral inoculation of rabies viruses 

10 of standardized seed strains* it must, however, be noted 
that the multiplication of the viruses in living animals has 
the disadvantage, compared with the multiplication of the 
viruses in poultry embryos,, that the nerve tissues of living 
animals contain ravelin. This protein is Known to give rise 

15 to secondary reactions when the vaccine is used, including 
encephalitis. 

After slaughtering the animals, which were previously 
inoculated with live whole rabies viruses, their brains are 
removed , comminuted in a ronnner which preserves the wholeness 

20 of the calls and the viruses, and a vaccine is prepared frcm 
the resulting cell suspension by the process described 
hereinabove- owing to the avoidance of cell fragmentation 
during the comminution of the virus-containing nerve tissues, 
less myelin is released than during comminution with a 

25 mixer, During the extraction of the lipids with an organic 
solvent in a later Step of the process a further part Of the 

- 9 - 
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still preaent myelin is removed in such a manner tjiat the 
vaccina which i* finally obtained causae only minimal, if 
any, secondary reactions, and those which are caused are 
atill highly tolerable. 

The steps of the process reuat he conducted avoiding the 
use of a mixer or blender lor the homogeai cation of nerve 
tissue* or of embryos or embryo heeds on harvesting of the 
virus** . Ehia prevents damage to and fragmentation of the 
viruses by comminution of the nerve tissues or of the embryos 
or embryo heads and their contents in a manner which 
preserves the wholeness of the cell* and the viruses, 
separating the complete live viruses which are capable of 
multiplication from the resulting cell suspension, and 
purifying the resulting viral suspension, delipidating by 
extraction with a wattr~immi*cible organic solvent and then 
selectively concentrating the viral preparation. 

The comminution of the nerve tissue, the embryos or 
embryo heeds or their contents, is carried out with the 
aid of a meat mincer on a course setting, by cutting up or by 
opening of the heads and comminuting the removed brain tisaue 
in a manner which preserves the integrity of the cells, and 
therefore the viruses* 

washing or extracting the viruses from the comminuted 
tisaue is carried out with a buffer solution, preferably with 
an aqueous phosphate buffer of about pH 7-B, as is known in 
the art > The removal of, the lipids is carried out by 

- 10 - 



http:/7patentsUc.gcxa/fc^ 12/17/2002 



01271708dis.afpPage 10 



Page 2 of 3 



enaction with a watsr-iwnigidble solvent, such as i il?uid , 
volatile, optionally halogenated hydrocarbons. Ehtitable 
solvents are petrols ethera such aa heptanes, fluorioated 
*«o chlorinated ethanes and honologs thereof. nowevt»r other 
5 solvents can also be usad. The further concentration of the 
ctaUpldttad viral suspension can be earried out by density 
gradient eentrif ligation and/or precipitation with a 
polyethylene glycol, preferably with PB3 6000. ax ie known in 
the art. Suitable types of esibryo poultry 0975 ior tfte 
ID multiplication cf rabies viruses are in particular thoae froa 
cue**, chickens and quail*, m ,eneral, incubated duck eggs 
•re preferred as the tissue for the smltlplication of 
the viruses. The myeliD-free rabies vaccine provided herein 
n«7 be obtained from poultry embryo head tissue which 
15 contains rabies viruses by the process which is described 
above, which pr ncess fully preserves viral integrity. 

The processes according to the invention results in a 
rabies vaccine which, compared with the vaccines obtained by 
Processes hitherto known, exhibits a far better ratio of 
20 antigen content to protein content, contain substantially no 
foreign lipids, «u, d approach in quality an ideal HOC vaccine. 



- 11 - 
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DETAILED DESCRIPTION 0? THE PROCESS 
Now the process will be described in relation to each 
separata step. 



Bt£P_l; 

5 A rabies virus strain which is suitable for the 

preparation of the vaccine is adapted to the intended viral 
host by appropriate passages on the embryonal cells of 
poultry egg* ar in mice, rare, rabbits or snesp, among 
others » 

10 Attenuated rabies virus.es are, for example, inoculated 

into the yolX sac of fertilised poultry eggs which b»ve 
undergone initial incubation and in which an embryo hae 
started to develop. After about two weeXs, the embryos are 
removed and their heads are harvested. The embryo heads are 

15 ccrorainutea" Id a manner which preserves cell and viral 
integrity in a meat mincer. 

Alternatively, the head of the embryo, 1* cut open and 
the brain tissue is removed and comminuted. The 
multiplication of the viruses may also be undertaken in 

20 living animals. In such case, animals which are only a few 
days old (mice, rats, rabbits, lambs t etc.) are usually 
inoculated intracsrebrally with the some spec iee- specific 
attenuated seed virus. 

After about 10-30 days the animals are sacrificed, 

25 and the brains are removed by operation and comminuted in a 
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manne* which preserves call and viral integrity. The 
extraction of the rabies virus from the cocnmiixuted tissue is 
carried out by washing the tissue fragments with a 
phosphate-containing buffer, x suitable phosphate buffer 
S is one coaprising, e.g., 0.7S% by weight of disodium hydrogen 
phosphate (H&^K&Oj > , 0.1 IS\ by weight of potassium dihydrogeo 
phosphate ) 0.48% by weight of aoditun chloride in 

distilled water, pH 7.4-. However, other buffer, solutions 
Xnown in the art may also he used. It la equally possible to 

10 use for the extraction, stabilizers and salt solution* which 
are custnoariiy used for the preparation of viral vaccine 
suspensions, or even deionized water as long as the pH is in 
the range between 7 and 8 . 

The suspension containing the viral antigens is 

15 separated Iron* the tissue by differential eentrif ugation at 
about 10,000-15,000 x g <g being the acceleration of 
gravity). The remaining tissue sediment can be used for 
further extractions, by which means a yield of about 30% of 
viral antigen is possible. The two or more virus-containing 

20 extracts are combined and then filtered* 

Step 2 : 

Tfao foreign lipids still remaining in the viral 
suspension are removed by extraction with a water -jjnmiscible 
organic solvent, such as, e.g., with an hydrocarbon, 
25 optionally halogenated and preferably fluorinaced. 

- 13 * 
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Subsequently, the antigen extract (the viral suspension) 
is enriched by density gradient centrifuge ti on in a manner 
known par sc at 15,000-90,000 x g using a buffer and sugar 
solutions of various concentrations , by increaaing U>e augar 
5 concentration in the buffer in o manner known in the art. 
Alternatively, the viral suspension can be concentrated by 
precipitation with polyethylene glycol. 

Step 3 ; 

The density gradient centr if ligation is carried out 

io in a manner known per se at 15,000 to 19,000 x g using sugar 
solutions of various concentrations and buffer solutions, by 
increasing the sugar concentration in a buffer solution. Tor 
this purpose, the prepurified suspension is pumped at 15,000 
to 90,000 x g at a flow rate of, e.g., 4 litres/h over a step 

15 gradient of an increasing concentration of sugar (usually, 
sucrose from IS to 55 \) Which has previously been 
introduced. The fractions co2J.ect.ed from the various 
densities axe the a subjected to tests for density, the 
contents of lipids, nucleoproteinc and glycoproteins, and 

2D sterility. 

The antigen-containing fractions are pooled, tested 
one* wore, and then processed further to obtain the vaccine* 
Physiological saline solution* of any type, e.g., the 
phosphate buffer mentioned above, can be used for dilution 

25 in & manner Xnown per se (Duck embryo rabies vaccine; 

- 14 - 
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J-W. HoeXlns. Laboratory Techniques ita Rabiea by fl.H, taplan 
et al. r WHO Geneva 1973. Chapter 27, pages 243-55; Density 
gradient centriiugationr J. Hllfenhaus et ai. . 
J> Biol. Standard. 4;2$3-271 {1973 J; m. Majer et al- . 
5 Develop. Biol. Standard. 37;267-271 (1977); and P. atanasiu 
£&_fila,r Develop. Biol. Standard. 40;3S-«4. 

Step 4 ? 

la addition or alternative to the enrichment ot the 
10 virus- wncentxation by density gradient ccntrif ugation, the 
prepurlfied, and usually enriched, viral suspension can be 
further concentrated and purified by precipitation with a 
polyethylene glycol, preferably free of heterologous 
protein. For this purpose, the pfl of the viral suspension 
15 can be adjusted to about fcfter addition of a polyethylene, 
glycol (e.g., TOG 6000) to a final concentration of 6t by 
weicht, the suspension is stirred for at least one hour and 
the virus is precipitated by subsequent centxifugation at 
10,000 — 15,000 x g. The viral sediment is then resuspended 
2 0 in a stabilizer composed of a solution containing lactose and 
physiological gelatin ( S,tt. MiXhai lovskv et al. , 
•Ann- Inst. Pasteur 121:563-565 (1^1) j Janes KoSlarrv et al. , 
Virolognr 40:745-746 (1970). 



- IS - 
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Step S i 

The intact live viruses capable of mult I plication 
which arc present in the resulting viraL concentrate are 
now inactivated* Beta-propionolactone iUPLJ in usually used 
5 for the inactivation ( G.A» LoQripae. . Annals Kew York 
*e;id, of Sci. 83:578-94 (1SG0). However 
other ."dibstUDcos axe also 

suitable for this purpose such as tri(n-butyl) phosphate 
( H. Tint et al« , Symposia series in W X naw tissue culture 
10 rabies vaccine, inactivated and disaggregated with 

tri-(n- butyl) phosphate" Immunobiol. Standard. rKarger, 
Basel] lit 132-144 j T,J. Wlktor at el. , Develop* Biol. 
Standard. 40t*-9 (1378} . 

?he vaccine concentrate obtained by the new process 
IS differs from commercially available rabies vaccinas in its 
high content of antigen value units per tnq of nitrogon (meas- 
ured using the standard WIH test in mice and the antibody bind- 
ing test in the RrriT) . Pieferavly, the vaccine contains more than 
10 antigen value units per mg of nitrogen, and still more 

20 preferably more than IS units per rag of nitrogen, but 

always more than 8 units per mg of nitrogen* As a rule r 
the same can be obtained using unborn embryos which do not as 
yet feel pain and in which the brain tissue r which is just in 
the process of development , appears to be still free of 

25 myelin Ahdussalen et al< , u The problem of enti-r*biee 
vAccination" , International conference on the application of 

- 16 - 
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vaccine against assay viral rickettsial and bacterial 
diseases of roan, Pan, Am. Health Org. IPABO) , Sc. pub, No, 
226:54-S9 (1970); and P. Fenle , "The status of existing 
rabies vaccines"/ ibid, pages 60-65). 

5 Step 6 : 

The vaccine resulting after the ioactivation can be 
dispensed into vials ana can then be f reeze-dried. It may be 
reconstituted for use by dissolution or suspension using 
distill ad water. 

10 Xs is well understood by those skilled in the art of 

viral purification, additional steps way be included Co 
further purify the rabies virus. 

It is possible by tho j>roceea which has been described 
herein to prepare unlimited, or at Least adequate, amounts of 

IS a valuable and innocuous rabies vaccine in an economic and 
relatively straightforward manner. The preparation of such 
quality rabies vaccine by multiplication of the viruses in 
human diploid cell cultures (HOC) is highly impossible as a 
consequence of the low efficiency of the substrate « 

2 0 It is noteworthy that by an order of February 1979, the 

CDC has restricted the use of human diploid cell rabies 
vaccina to people having developed Life -threatening aide 
effects after ad m inistration of the duck embryo vaccine or 
Who were incapable of acguiring an appropriate titer of 

25 antibodies. The reason given for thie is inadequate 
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productivity of the human diploid cell cu}turss (See also, 
Morbidity and Mortality Veeh.lv Report (KKWR) 27:333, 413 

The rabies vaccine prepared by the process according to 
5 the invention is at least equivalent to an HDC vaccina in 
which the viruses have been Tnultiplied in Unman diploid cell 
cultures <5ee. Example 1 here inbe low 1 . Ho side of feces have 
been observed upon administration of this vaccine up to the 
present time, thereby making available for medical use a 
10 rabies vaccina of excellent value and ef t ectivenesa and which 
has negligible side effects. 

when the antigen of thi* invention is used to induce 
immune response in a human or animal, it is administered in 
an amount sufficient to elicit an immuntxing response. The 
lb amount of antigen may be adjusted by a clinician doing the 
administration, as commonly occurs io the administration of 
vaccines and other viral agents which induce iramunicing 
responses. Suitable vaccine unit amounts axe between about 
2,S units and 10 units, preferably between about A 
20 units and * units. Although a single administration 

induces an immune response, multiple administrations way be 
carried out if desired or if so required In accordance with 
schedules known per se. The route of administration can be 
any of the routes generally used fox rabies vaccines, such as 
25 by injection subcutaneous ly, JLatraiausculary anei un* 
liXe, 

- 18 - 
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Having now generally described this invent ton r the same 
will be better understood by reference to certain specific 
examples, wbich are included herein for purposes of 
illustration only and ara not intended to be limiting of the 
5 invention or any embodiment thereof, unless so specified. 

EXAMPLES 

Sxarnple 1 - PREPARATION OF A PURTFIBn DUCK BHBRVO JGtAttlBS VACCIHB 

1. Reparation of the virus suspension 

[a) The "Wis tar rabies, fh < titman-Koore) SKDCS* virus 

10 strain from the Wistax. Institute, Philadelphia, or another 

rabies virus strain suitable for the preparation of a vaccino 
vraB adapted to the embryo eel La before actual use by 
intracerebral passage in mice and repeated passage by 
inoculation in ducfc eggs wbich have undergone initial 

15 incubation. The viruses used for the preparation of the 
vaccine are those from a passage with a particularly high 
titer and which have already proved to be suitable in the 
preparation ot rabifts vaccine in accordance with the method 
of Bosfclns , "Laboratory Techniques" , in Rabies by Kaplan 

20 et al ka WHO, 27:243-55 Duck Embryo Vaccine (1973), 

fertilized duck eggs from healthy stocks were 
Incubated at a tempnrature of 36 # C ± 1"C and a humidity of 
65-70%. After sir. day* they arc candled with UV light and 
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unsut table eggs axe rejected. On day 7 of incubation, the 
rabies viruc was inoculated directly into th* yolk sac of the 
egg© in which an embryo was developing ► Tne incubation was 
continued and 10-H days lfttar the eg?* were again candled 
S Vita UV light. The eggs in which the *mbryos continued 

to develop well were opened under sterile conditioner and the 
embryo* we're removed and decapitated. The heads were stored 
individually under sterile conditio™* in the vapor phase 
over liguld nitrogen until the sterility teste were 

ID complete* Groups of 40-60 of the sterile head* wora combined 
into a pool with the addition of a defined amount ox a 
stabiliaer. The sterility of each pool was again tested* In 
addition to the stabiliser, it was also possible to use a 
Bad/phosphate buffer ccsripriding 0.75% dlsodium hydrogen 

15 phosphate, 0,14 Si potassium dibydrogen phosphate and 0.4BI 
sodium chloride in distilled water r or other saline solutions 
as ara customary for the purpose of diluting vaccines, even 
desalinated water , as long as the pH was in the range between 
7 and B» 

2D rbc rabies virus extract was obtained by comminution of 

the above mentioned sterile embryo head* using a meat 
mincer ♦ The tissue fragments wore washed twice with a 
phosphate-containing buffer. After centrifugation at 
10,000-15,000 x g and at a temperature of 2-B'C the 

25 infectious virus was collected in the supernatant fraction* 
Remaining brain particles or other lip id -containing tissues 
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were removed by subsequent filtration through a gauze filter 
system. The remaining residue* of heed tissue can be 
extracted once more and filtered by use of the same process / 
by which means a higher antigen yield of about J0\ 1* 
5 achieved* The sediment w&s again suspended in a 

phosphat a -containing buffer and stirred fox at least one hour 
at low temperature |1-4*C) before the centr i f ugation and 
filtration. 

(b) A subsequent, virtually complete delipidation 

LO was carried out by mixing the reealting viral suspension with 
an inert liquid hydrocarbon solvent vitb a 
relatively low density, such as, for example, n-beptane-, 
Homogeniaation v/as carried out in every case under a glass 
ball containing nitrogen gas- The viral suspension was 

15 pumped through a mixer system, e.g*, Virtis mixer, at 
a constant flow rate of, e.g., 500 ml/mln- At tha same 
time, the n-heptane was pumped into the mixer system at s 
rate of 50 rnl/min. The lipid-containing phase was removed by 
cantrif ugation at 10,000-15,000 u g. Traces of the dissolved 

2 0 hydrocarbon solvent were than removed from the delipidatad 
virus extract by allowing an inert gaa such as, e.g., 
nitrogen , to bubble through the aqueous phase and -maintaining 
thA acqucous phase under vacuum at 4'C tor a period of 
about 15 hours, 

25 (c) An altamativ© process for the hydrocarbon 

delipidation is as follow*. Sterile embryo heads may be 
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conwJinuteri;, extracted and filtered as described under (1*). 
Th* removal of the foreign lipids may thou be carried out by 
vising the fluoridated hydrocarbon solvent 
1,1,2-tricilorotrifluaroethane. The individual vorXing 
5 steps remain the same* 

II- Concentration and further purification of the virus 
suspension 

<a> The propuriiied rabies viral suspension prepared by 
the process described above had a viral titer between 10 7 and 
10 s HLD 5D /ml. This material was further purified end 
concentrated by centrifugating once ox twice or. a linear sucrose 
gradient 115-55%) at 75 f D00-9O,OOO x g. A concentration 
factor of 100:1 was attained in this manner. The 
glycoprotein and nucleoproteia content (before and after 
15 solubilitatlon of the virus membrane vith Triton X 100, 
that is to say election of the intact virions), the virus 
titer, the density and the sterility of the gradient 
fraction* were tested. Sterile fractions with a ratio of 
rahie* glycoprotein to nucleoproteln which corresponds to 
that of the purified whole virion solution, and *ith a very 
high inieotiou* titer (for example IO^-id" «LD s<J /»l) were 
combined and reserved for further processing. 

<b> A further purification and concentration of the 
viral suspension can be achieved by polyethylene glycol (PEG) 
precipitation. Por this purpose, PEG 6000 ( Siegfried A.G. . 



ID 



20 



25 
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Sofingen, fcwirserlandj dissolved in a 30% strength 
phnshere- containing buffer solution (pfl s.0). This stock PEG 
solution was sterilized in tin autoclave and etored at 4*C. 
The viral suspension which wee adjusted to a pH of 8.0 
S vlth a 101 KoCH solution vas then precipitated with the stoc* 
PEG solution at a final dilution of 6%. The wdxture wis 
stirred at a temperature of 4 f C for at least one hour. The 
rabies virus can then be aedimented by oentrif ugation at a 
speed of 10 # 000-15 , 000 x g over ft period of 20 coin. The 
10 removed virus was again suspended with a stabiliser to the 
final volume and was reserved for further processing. 

Ill, Formulation of the viral concentrates 

Pretested viral concentrate* were combined and diluted 
with a suitable stabiliser, for example sodium phosphate 
15 buffer <pH 7.4), with a physiological sodium chloride 

solution, or vlth another stabiliser which has already been 
described (see, Hopkins , I.e.] to a concentration of about 
10 7 ' 5 «Li> 5(> /ml. Sterility and virus titer were rested 
ae/ain« 

20 IV. Inaotj.vation of the viruses 

For the inactlvrtion with beta-propionolactone r the 
final voluae of the viral suspension was maintained at a 
temperature of 2-4*C with continuous stirring. Freshly 
prepared, ice-cold aqueous beta- prop ionolact one solution was 

- 23 - 



http://patentsl.ic.gc.ca/fcgi-bin/any 2htmJ?FILENAiME==%2Fcpoti%2Fprod%2Fapache%2.. 12/17/2002 



01271 708dis.afp Page 23 



Page 2 of 3 



1271708 



sdded in an amount such that a cancelation of lu.000 was 
attained. After tB « suspension was stirred at a temperature 
of 4-c for 5 min, it was transferred into a second vassal ana 
stirred tor . further 40 hours, the pH and tanparature were 
5 continously monitored. A decrease to the pa was taken as a 
measure of 8PL hydrolysi*. a- recorded, the pH f .11 fro. 
•teat 8.0 to about 7.4. At the end of the innervation, 
thiourea* (o-f ethyln«rcurythio).berutoic aoid) van added 
until the concentration of this antiseptic substance was 
10 1:10,000. 

V. Freare-drY^nq 

The inactivated viral sunpeaaion obtained in accordance 
with section IV wae dispensed in ain,ie doaes of 1 ml i n to 3 
ml vials, freere-drying stoppers were placed loosely on top, 

process vas coveted the stoppers were pu» hed ^ and 
the Vials were closed with mt*l caps to assure the tightness 
of the vials. The vials were then scored at a temperature of 
-20-c. 

20 VI * sssaaaiflgiaa to give ^ „ v ^ nB r ^ f < 

and use of thjj WBe ^ 

Jrior to its uK.lalaf sterile distilled weter was 
injected through the robber -topper into each vial. The vial 
wae then shaken cautiously, without forming . fo «, ttntii ^ 
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vaccina was completely dissolved. The entire content of the 
vial was then injected aubcutanoously into the upper arm of 
tbe rubject. 

VI1 ' 2^11*2 control of th e final p r oduct - te «^ 

The quality contzol procedures comprised: the 
datamation of the antigenicity, sterility, inactivity, 
innocuousness and contents of nitrogen, cholesterol, NaCI, 
FPL residues and t hi oner sal. 

Antigenicity ; 

Antigens were tasted in accordance with 
standard instructions of the National institute 
of Health, U5A. Tboir ability to bind antibodies 
in the eptit test was also measured I R ; _J, Arfco &t 
al.,, Laboratory Techniques in Rabies, 3rd edition, 
WHO ttonograph Series 23:265-267 (1973)/ and 
O.s. smith ot al. . Lab. techn. in Hah., 3rd 
edition, WHO Xonograplj Series 23:354 to 357 (1973). 
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Sterility ; 

All the final products for uue vere proven to 
be sterile. 



Inactivity * 

5 This was tested in avery case on three 

young rabbi ta and ten mice, which, alter 
intracerebral inoculation of the reconstituted 
vaccine, wars observed for 14 days. Tne anlaaOa 
showed no signs of diaeaee in any case* 

10 Innpeuousnefrs : 

Three yuinea pig* received 5 ml 
intraperitoneal doses of the reconstituted vaccine 
solution, and 3 mice received 0.5 ml t.v. doses. 
In no case did the animals show reactions differing 

11 from normal. 

The stability of the vaccine obtained in 
accordance with tho above description in the 
freeze-dxied form **s also tasted. Sfficacy 
(AGV-U/ml as a percental of the initial figure 
20 (0)) waa preserved after storage at the stated 
tesqperatuxe for 3 months. 

U) stability of the vaccine obtained in 
accordance with Example 1 I concentration in 
accordance with 2s) in the freete-dried form. Tho 
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activity (AGV-U/ml) as & percentage of the initial 
figure IP figure) la shown in Table 1, hereinbelow. 



Table J: 


Activity of the Vaccine (Example 


l-2a> 


batch 
number 


0 figure 


37<C 
1 month 


+ 37*C 

2 month t 


B3 Ly III T16 
63 Ly III Tlfi 


7.3 


93% 


110% 
92% 



(b) stability of the raeiea vaccine obtained 
in accordance vith Example 1 (concentration in 
accordance with 2b) in the freete-drieo* form. The 
activity (AGV-u/ml) as a percentage of the initial 
figure (0 figure) ie ahown in Table 2 hereinbelow. 



Table 2: Activity of the Vaccine (Example l-2b) 



Batch 
number 


0 iigure 

AGV-U/Dll 


¥ 37'C 
1 month 


+ 37*C 
2 months 


S3 Ly III T15 


5.0 


148% 


98% 


83 Ly in T19 


B.2 


107% 


104% 


83 Ly III T20 


9.7 


144% 


715% 


83 Ly III T21 


15,3 


-124% 


92% 


93 Ly HI T22 


8.5 


165% 


105% 


85 Ly III 123 


13*4 


105% 


112% 


83 Ly III T23 


9,5 


147% 


U6\ 
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(c) The, activity of tlie rabies vaccine 
obtained in accordance with Example I in a doc 
after s.c. inoculation ia shown in Table 3 
hereinbelo* , . 



Table 3; Activity of Vaccina {sxample 3 , dog) 



Number or inoculated 
animals with mora than 


Vaccine 
according to 
<sa), 7 dog* 


Vaccine 
according to 
(2b>, 8 dogs 


0.5 IU 




100% 


100% 


1 






88% 


2 




43% 


75% 


IU = international 


unit* of 


aotiboay content 





W ccflnparatlvo activity in humans of the 
rabiee vaccina obtained in accordance with Example 
1 and the HCD vaccine (Behring). 

The activity of the now vaccina was compared with, 
that of the HCD vaccine (Sehring). Table A here inbe low shows 
the percentage of subjects vbich irtroumo logically reeoted by 
forming antibodies after administration of one of these 
vaccines, in general 0.5 m being regarded sb conferring 
protection {inoculation on days 0, 3, 7, 1-4 and 2S). 
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Table 4.z 


Comp»rat.ive Activity of Inventive 
and KCD Vaccine 


vaccine 


Antibody titer 
(RPPXT) 
(<*ay 14) 


Vaccine 
(Ex. 2 IZb)) 


Vaccine 
(Kx. (2a)) 


TflWViJJC 

IBehrina-werkei 




3 consecu- 
tive batches 
54 subjects 


2 consecu- 
tive batches. 
13 subjects 


AGVr 6,3 IU 
20 sub jeers- 


0.5 ID 

2 

5 

10 
IS 


100% 
S3% 
80% 
45% 
2B% 


100% 
1001 
00% 
80% 
47% 


100% 
100% 
801 
50% 
30% 


JU = international units of antibody content 



Ro suits 

The rabies vaccine prepared by the process according 
to the invention proved in the clinical trial to be of at 
lea*t equal quality to an HOC vaccine, wherein the viruses 
had been multiplied In human diploid cell culturas (HDCU 

Bar ample 2 - Preparation Of h Purified nucr Ei*bryo Vaccine. 

Rabies viruses ware Multiplied in duck, ego* which have 
undergone initial incubation as described in Example I, The 
viruses were separated from the eabryo heads by cutting the 
beads open, removing the brain tissue and comminuting in a 
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manner preserving cell and viral integrity, and wore 
harvested by resuspension in a phosphate buffer solution. 

The vira.1 suspension was further processed tr> give a 
vaccine as in Example 1. 

S Example 3 - Purified Duui Embryo Vaccine. 

A highly concentrated viral suspension was prepared in 
accordance with Example 1 and was inactivated by treatment 
with tri-(n- butyl) phosphate* After inactivation, the 
concentrate was freeze -dried. 

!0 Sxfljnple 4 - Preparation Of Purified Chicken ionbr?o Vaccine. 
Chicken eggs ara incubated at 36 # C + i*C under a 
humidity of 60-75% for 7 days. On day 7 of the incubation, 
the inoculum virus was directly inoculated into the yolk sac 
of the embryos undergoing development in the eggs. The 

15 incubation Continued. Seven days later, the eggs were opened 
and th« embryos were removed and dismembered. The head*, the 
spinal cord and the trunks ware processed separately. They 
were comminuted in a manner such that they provided a 10% 
strength tissue suspension (that is to say a suspension of 

2D 10% by weight of embryo tissue). The viral concentration was 
titrated using Antibody binding tost in the XTTlv (rapid 
Fluorescent focur, inhibition SeBtK Three serins of test* 
were carried oat; the results of which are ahown in tbt> table 
be re in be low. 
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Table 5>: Preparation of Chicken Embryo Vaccine 

Viral concentration 
(ID SC/ml) 

Head 7,25 / 7.4 A 7.fl 

Spinal cord b.5S & 7.B 

Trunk 6.0 / 6.6 * 6.8 



ID - 50/jbI * virus titer x log 10 for the minimum 

concentration for infection of 50* of the tissue 
cultures. 



It was found that the tissue of the central nervous 
system (CHS I contained about 10 times ax much viruses as the 
trunk without the CHS. 

On the basis of these results , the preparation of the 
chicken embryo vaccina by the method describe* in Exawple 1 
was carried out only with the embryo heads. In the present 
case, the rabies viruses which had been adapted to chicken 
cells was multiplied in partially inoubated chicken eggs, 
«*o-, by the method of B. Koprowskv (Laboratory technique in 
Rabies by K.H* Kaplan et al- , WOT Geneva, Chapter 26, pages 

The 9999 were Inoculated on day 7 of incubation and 
Incubation was continued the next day. Seveo to nine days 
after Inoculation of the virus into the yolk sac, the heads 
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of the chicken embryos were removed and processed in 
accordance with the method described in Example 1. This 
entailed the final concentration of the viruses being carried 
out by precipitation with polyethylene glycol. The vaccine 
5 prepared in this manner was subjected to the quality control 
teste described under 3 through vti . tMs vaccine also 
proved to be fully active in humans. 

Example 5 - Preparation Of Cuail 3mbnro vaccine. 

in a manner analogous to that described in Example I, 
ID attentuated rabies viruses were multiplied in quail eggs ... 
which had undergone initial Incubation, and were harvested 
and processed to obtain the vaccine . The resulting vaccine 
proved to be fully active in animal expsr intents ♦ 

Example 6 - Preparation Of A Rabies Vaccine from Viruses 

15 Multiplied xn Kice. 

Pive-day old mice were inoculated intracerehrally with 
attenuated seed rabies viruses* After ten days, the mice 
which were still alive were s aerified. The brains of the 
animals were removed and comminuted in a manner which 

2D preserved cell and viral integrity. The cell suspension was 
processed to give a vaccine by the process of Example 1. 



- 32 - 



http://patentsljc.gcxa/fc^ 12/17/2002 



01271 708dis.afp Page 32 



Page 2 of 3 



Example 7 - Preparation of x Babies Vaccine from viruses 
Multiplied In Bats. 
3-4 day oid rata were inoculated intracerebrally with 
attenuated seed rabiae viruses., Aiter 12 days, the rati 
S which were still surviving were sacrified- The brain* of the 
animals were processed to givs the vaccine in analogy to 
Example 6. 

Example 8 - Rahiea Vaccine Prom Viruses Multiplied 
In Rabbits, 

0 six day old rabbits were inoculated intracarebrally wiOi 

attentuatad seed viruses* After 15 day* the rabbits were 
sacrified. The brains of .the animals were processed to give 
a vaccine in analogy to Example 6, 

Example 9 ^ vaccine From viruses Multiplied In Lambs* 
5 8-10 day old sheep were inoculated intracerebrally with 

attenuated soed rabies viruses* &£t*r 30 days, the lambs 
were sacrified. Their brains were removed and processed to 
give a vaccine In analogy to Example 6. 
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Basins now fully described the Invention, it will be 
apparent to one of ordinary skill in the art that many 
changes and modifications can be made thereto without 
departing from the spirit of the scope of the Invention as 
wt forth herein, 
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J. A process for obtaining inactivated rebiea viruses, 
coopriaings 

U> intracerebral^ Inoculating an eKparlxwmtel 

animal with "hols ^ ve rablM 

{2} allowing for said viruses co multiply* 
m coBsolnutin^ nerve tissue trora the aniawl's 
brain to obtain a call suspension, said ecroilnution toeing 
conducted in the absence of . »l«t « preserve the integrity 

of the viruses; 

(4) asperating live whole viruses £roa the cell 

suspension; 

(5) dolipidating the live vhole viruses; aod 

{6) selectively concentrating the viruses, wherein 
C t*p* (1) through HI are conducted at least once and up to 
3 time., said virusee being subetantielly wyelin-lre*. 

I. The pxoeeee of eleim 1 wherein the viruses are 
.elective^ concentrated by density gradient centrifugation 
or precipitation vitb a polyethylene glycol. 

j. The proceaa of ellia 1 further oowprising 
inactivating the viruses. 
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4. The process of clalw L, wherein -the viruses are 
separated from the cell suspension by washing and suspending 
thereof in a physiological buffer solution having a pS about 
7 to B. 

5. The prcceae of claim 1 wherein the viruses are 
delipidated by adding a water- Irani scible liquid organic 
solvent* 

6. The process of claim 1, wherein the solvent is a 
hydrocarbon selected from the group consisting of 
water- iamisible Liquid hydrocarbons or halogen&tad 
hydrocarbons » 

7. The process of claim S wherein the delipidatlng 
hydrocarbon is ai* halogcnated hydrocarbon. 

B. The process of claim 5 wherein the hydrocarbon Lb 
selected from the group consisting of a petroleum ether, 
fluorinated or chlorinated ethane and homologies thereof. 

9, The process of claim 8 wherein the petroleuao ether 
is hep-tanes* 
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10, Tho process of claim 1 wherein the animal is 
selected from the group consisting of mice, rats, rabbit* 
and sheep. 

11- The process of cUim 1 further comprising precipi- 
tation and concentrating the viruses. 

12. The process of claim 3 wherein the vlruse* are 
inactivated by adding a virus -inactivating amount of 

p-propiouolaetone or tri-(n-buryi ) phosphate* 

13 . The prooess of claim 1 further coniprieing 
placing said viruses in a sterile vial and 

fxesze-orying thereof. 

14. A rabiee vaccine comprising Inactivated rabies 
viruses which are substantially myelin -free in an amount 
effective to elicit an iiwrninologiring response when 
administered to a subject. 

15. The rabies vaccine of claim 14 having at least 10 
antigen value units per mg ox* nitrogen. 

16. The rabies vaccine of claim 14 in dosage unit farm. 
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17 . A rabies vaccine comprising attenuated rabies 
viruses obtained by the process of claim 1 , said vaccine 
being substantially myelin-free and said viruses being 
present in an amount effective to elicit an immunizing 
response when administered to a subject. 

IS. t fhs rabies vaccine of elai» 17 bavin? at least 10 
antigen value unitB per mg of nitrogen . 

19, The rabies vaccine of claim 14 in dosage unit fontu 

2D. A process for obtaining attenuated rabies viruses 
comprising 

inoculating a poultry embryo egg with vmole live tabiea 
viruses; 

allowing for said viruses to multiply; 

comminuting tha embryo from the poultry egg to obtain a 
cell suspension? said comminution being conducted in the 
absence of a mixer to preserve the integrity of the viruses t 

separating live Whole viruses from the cell suspension; 

delipidatlng ,the live wnol« viruses; and 

selectively concentrating the viruses; wherein steps (1) 
through U> are performed at least once and up to 3 
times; said viruses being substantially myelin- free. 
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23, The process o£ claim 20 further comprising inocu- 
lating the viruses. 

22. The process of claim 20 further comprising conduct- 
ing the fallowing seeps at least once prior to inoculating 
the poultry embryo 

intracerabrally inoculating an experimental Animal vith 
live whole rabies viruses; 

allowing for the viruses to multiply ; and 
separative live whole viruses from brain tissue. 

23. The process of claim 20, wherein the attenuated 
viruses axe selectively concent rat fid by density gradient 
centrifugation or precipitation with a polyethylene glycol. 

24* The process of claim 20, wherein the viruses are 
separated from the coll suspension by washing and suspending 
thereof in a physiological cuff ex solution pH about 7 to 

25. The process of claim 20 wherein the vLrueeo are 
delipidated by adding a liquid water -immiscible organic 
solvent. 

26. The process of claim 25. wherein the solvent is 

a hydrocarbon selected from the group consisting of liquid,, 
vol stive hydrocarbons or halogen a ted hydrocarbons. 
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27. The proces* of claim 2S wherein the deli pi. dating 
hydrocarbon ia an halogenated Hydrocarbon. 

28. the procec* of claim 26 wherein the hydrocarbon is 
selected from the group consisting of a petroleum ether, 

f luorinated or chlorinated etiiene and hocnologuea thereof. 

29 • ^The process of claim 28 wherein the petroleum ether 
is heptane „ 

30, The process oi claim 22 wherein the experimental 
anlrtLfll ia selected from the grow consisting of mica, rats, 
rabbits and sheep. 

31. The process of claim 21 wherein the viruses are 
inactivated by adding a vi rue -inactivating amount of 

6-propionolactone or tri- (n-butyl)pnosphata, 

32. The process of claim 20 further comprising pre- 
cipitating and concentrating the viruses* 

33, The process of claim 2<J wherein the embryonic 
poultry eggs are selected from the group consisting of 
embryonic duck, chicXen and guail eggs. 
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34. The prooeea of claim 20 further comprising 
placing said viruses in in sterile vial and 



freote-drylng thereof* 

35- Thu process ol claira 20 wherein the cell euacpensicu 
containing tne viruses io obtained by coffcrd nuting the beads 
of toe arobryoD, 



viruses obtained by the process of claim 20 6*14 vaccina 
being substantially myelin- free And said viruses being 
present In an amount effective to elicit an iiwnunicing 
response when adminlstared to a subjeot. 

37, The rabies vaccine of claim 36 containing at least 
10 antigen value units per mg of nitrogen* 

38, The rabies vaccine of clairo 3$ in dosage unit form. 



X rablos vaccine comprising inactivated rabies 
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□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: __ ■ — 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



